Abstract. The existence of non-superconducting zones in YBa 2 Cu 3 O 7-δ (YBCO) films below the transition temperature to the non-resistive state can be the cause of losses that limit the performances of YBCO devices. In this contribution, from the dependence on temperature of the surface critical current density of YBCO films we examine the possibility that their superconducting critical temperature, is non-uniform along their c-axis.
Determination of the surface critical current density and of the T c profile of the films

Magnetic measurements and determination of ) T ( J S cr
The films were cooled down to 20K in a cryostat. A H a =0.5T field was applied perpendicular to the film plane, then switched off. The same procedure was carried out with a reverse field with the same amplitude. Then, m(T), the magnetic moment of the sample, was measured with a SQUID device at increasing temperatures. The measured magnetic moment is due to currents persisting in the film after suppression of the applied field. According to Brandt and Indenbom, in a perpendicular field, the magnetic moment of a superconducting strip with length L and width w takes the form [3] 1.
( ) term accounts for the field penetration in the sample. We have verified that no change was visible in the m(T) if excitation fields larger than 0.5T were applied. This suggests that the measured films were in the critical state at all the measurements temperatures and that the persisting currents flowed in the whole sample. Then, for L=w , from Eq.( 1), we can write 
Determination of the T c profiles
It is well known that YBCO films include boundary planes, i.e. twin boundaries and low angle grain boundaries, whose width is in the range of the superconducting coherence length [4] . This has led many authors to suggest the existence of tunneling pairs currents across the boundary planes [5, 6, 7, 8] . However, the boundary planes also include a large number of defects with a size comparable to the coherence length [9, 10] . The tunneling currents cannot flow across the boundary planes at the locations where, due to defects, the separation between both sides is large with respect to the coherence length. We have suggested that this results in the splitting of the boundary planes into rows of Josephson weak links [11, 12] and established that ) T ( J S cr , for a YBCO film whose boundary planes include Z rows of Josephson weak links with the same T c , takes the form
In Eq. . This suggests that
but, as written in the introduction, this is generally not what show the experimental measurements. For this reason, in Ref. [13] , it was postulated that the boundary planes include n stacked groups of Z k weak links rows with different critical temperature, T ck (see Fig.1 ). For Table 1 . The full symbols are computed with Eq.( 2) from the magnetic moment measurements and the solid line with Eqs.( 4-6) and the data in Table 1 . The dotted line shows the contribution of the domain with the highest T c (T c1 =87.8K) and the inset shows the same curves on a logarithmic scale.
In Eq. to the values calculated with Eqs. ( 4 6), using the T ck and Z k reported in Table 1 . The contribution of the group of weak links rows with the highest T c is also reported in Fig.2 . Except at very low temperature, there is a very good agreement between the experimental and calculated values. 
In order to verify the consistency of the results, S S J , the maximum surface critical current density of the investigated films at low temperature, is reported in Fig.3 as a function of
. Fig.3 shows that S S J is proportional to Z T . This suggests that the investigated YBCO films have the same maximum critical current density, j S . This conclusion is consistent with the transport measurements on micro-bridges reported in [11] , that yield
for all the films. Maximum critical current densities in this range were also reported by other authors [14, 15] , although larger j S were measured on films deposited either on vicinal substrates [14] or on nanobridges [16, 17] . The superconducting thickness of the films, d s , can be determined from In order to confirm the validity of our determination of the T c profiles, the oxygen content of film B, whose characteristics are reported in Table 1 al. [20] and by Moran et al. [21] to estimate T c in the analysed zones, the obtained T c profile is compared to that determined from the magnetic measurements in figure 6 . In spite of the uncertainty on the validity of the use for thin films of data established for bulk samples, there is a qualitative agreement between both T c profiles.
The T c -[O] relation in the films
During the films fabrication, after the deposition step and the application of the high oxygen pressure in the vacuum chamber, the temperature is decreased at a slow rate. As a result, it is reasonable to assume that the oxygen distribution in the films is near equilibrium and that
after the cooling step. As a consequence of the Fick law, we expect a linear dependence of the films oxygen content on the distance to the surface. Then, the [O](z) relation for the superconducting part of a film can be established from the oxygen content at its surface (z=0) and at its bottom (z=d s ). [20] (Fig.6a and 6c ) or those by Moran et al. [21] (Fig.6b and 6d) . Although the T c (z) graphs depend on the details of the fabrication process and on the deposition [20] (Figs.6a and 6c) and ii) by Moran et al. [21] (Figs.6b and 6d) 
Discussion and Conclusions
In this work, we have suggested that there is a T c gradient in c-axis oriented YBCO films and we have described how the T c profiles can be established from magnetic measurements. The validity of this technique is supported by the linear dependence of S S J with Z T , that yields a correct estimation of the films superconducting thickness. It is also supported by the comparison between the T c profile determined from the magnetic measurements and that established from the results of the NRERS experiment. Assuming that the T c gradient is linked to an inhomogeneous oxygen distribution along the c-axis of the films has enabled us to plot Tc- [O] graphs that are very similar for all the investigated films.
From the applications point of view, it should be possible to increase the critical current in coated conductors for power transportation, by optimizing the length of the plateau with the highest T c in the T c (z) profile. Preliminary measurements on commercial samples have shown that this plateau extend over % 50 ≈ of the ribbon superconducting thickness. Otherwise, in high frequency superconducting devices such as antennas, the existence of domains with a critical temperature lower than the working temperature, causes certainly additional losses that hamper their performances. The determination of their T c (z) profile should help to optimize the devices by reducing the non-superconducting volume.
